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Abstract 

Preliminary results on B physics studies from the DO experiment at the 
Fermilab collider are presented. Single and dimuon events produced in pp collisions 
at & = 1.8 TeV were used in the analysis. Inclusive single muon and J/v differential 
cross sections are shown. Tbe results of a measurement of the time averaged BOB” 
mixing parameter are presented. 
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Introduction 

The DO detector collected its first data sample in the 1992-1993 collider 
run at Fermilab. Most of the run was devoted to physics emphasizing top quark 
searches and electroweak physics. Not specially optimized for B physics studies, DO 
can investigate some physics associated with B production dynamics and BOB0 mix- 
ing using large (1 OW30,,,) b6 cross section at Js = 1.8 TeV and the unique features of 
the DO muon system. 

DO detector 

The DO detector consists of central tracking and transition radiation detec- 
tors, a uranium-liquid argon calorimeter and a muon detection system. Details of the 
DO detector design and its performance are given in reference ‘). The results pre- 
sented here were obtained using muons detected by the DO detector. The muon sys- 
tem consists of iron toroids with an average magnetic field of 1.8 T and 3 layers of 
10 cm wide proportional drift tubes as coordinate detectors. A Small Angle MUon 
System (SAMUS) consisting of 3 cm diameter proportional drift tubes extends the 11 
coverage of the muon system to I ?J I = 3.3. The absence of a central magnetic field in 
the DO detector limits the muon momentum resolution (due to multiple scattering) to 
18%. The momentum resolution of the SAMUS spectrometer is presented in Fig. 1. 
The thickness of the calorimeter plus iron toroids is 14-18 interaction lengths which 
provides small punchthrough probability (10m4) and permits good muon identifica- 
tion within a jet. 

The central tracking chambers play an important role in muon identifica- 
tion by matching tracks found by the muon system with tracks reconstructed near the 
interaction vertex. The DO calorimeter covers q up to 4 and has a good energy reso- 
lution and fine segmentation for good measurement of jet energies. The low noise of 
the calorimeter provides effective detection of minimum ionizing particles thus di- 
minishing the background in muon detection. 

Inclusive single muon cross sections 

The DO multi-level trigger system reduces 43 mb of inelastic cross section 
to 2 Hz of interesting events which are written to tape. The following set of triggers 
was used during data collection for single muon studies. Level 0 trigger (scintillator 
counters) selected the beam crossing with an inelastic collision. The Level 1 hard- 
ware trigger selected events with a hit pattern in the muon detector consistent with at 
least one muon candidate with pt K > 3 GeVlc. The Level 2 software trigger which 
used all digitized information about the event and made preliminary track reconstruc- 
tion selected events with at least one track with ptP > 3 GeV/c ( I q I < 1.6) or p,l* 
> 1 GeV/c (2.2 < I TJ I < 3.3). Due to the high rate of single muon triggers 
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Fig. 1. Momentum resolution of the SAMUS spectrometer 

data for the inclusive single muon cross section measurement were taken in several 
“special” runs. Data were collected for 3 different regions I q I < 1.0 , 1.0 < I TJ I < 
1.6 , and 2.2 c I n I < 3.3 with integrated luminosities of 89 nb“, 11 nb-’ and 5 nb-’ 
respectively. 

After track reconstruction the following off-line cuts to reject backgrounds 
were applied: 

1. Hits on track in all 3 layers of the muon chambers. 

2. > 1 GeV energy deposition along track in the calorimeter. 

3. Match with central detector track ( I q I < 1.6 only). 

4. Cosmic ray rejection cuts. 

The overall efficiency of single muon detection was calculated using sin- 
gle muon Monte Carlo events. These events were passed through me full GEANT 
detector simulation, Level 1 and Level 2 trigger simulators, reconstruction and off- 
line cuts. In Fig. 2 the detection efficiency (including geometrical acceptance) is pre- 
sented for the three different q regions. 
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The inclusive single muon cross section is calculated by dividing the 
number of observed muons in a given pt bin by the efficiency, integrated luminosity 
and n interval. Positive and negative muons were counted together. The results for 
different q regions are presented in Figs. 3(a,b,c). Different contributions to the 
cross section obtained using an ISAJET simulation are also shown in Figs. 3. The 
absolute normalization of the cross section is limited by the accuracy of the luminos- 
ity measurement, the accuracy of efficiency estimation and background (cosmic, 
combinatoric) subtraction. The estimated systematic error of the cross section meas- 
urement is 25%. The smaller error bars in Figs. 3 represent statistical errors only, the 
larger - systematic and statistical combined. The data agree within errors with the 
summed contributions from ISAJET. The extraction of the bb cross section from the 
inclusive single muon data is in progress. 
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Fig. 2. Efficiency of muon detection for different q regions: 

IqI<l.O-solidcurve,l.O<I~I<1.6-dashedcurve, 

2.2 < I q I < 3.3 - dotted curve 
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Fig. 3c. Single muon cross section for 2.2 < I n I < 3.3 

Inclusive J/v cross section measurement 

The data for the dimuon analysis were collected with requirements of in- 
elastic interaction (Level 0 trigger), 22 muons found by Level 1 trigger and 22 
muons reconstructed by Level 2 trigger. The integrated luminosity of the data sample 
used in this J/v cross section measurement is 3.5 pb-‘. 

After track reconstruction the following off-line cuts to reject backgrounds 
were applied: 

1. At least 2 muon tracks. 

2. > 1 GeV energy deposition along track in the calorimeter. 

3. Dimuon pr > 8 GeV/c. 

4. Cosmic ray rejection cuts. 

5. I n I < 0.8 for both muons. 



The dimuon invariant mass spectra for like and unlike sign dimuons and 
for isolated and non-isolated samples are shown in Figs. 4 (a,b). 
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Fig. 4. Unlike sign (unshaded) and like sign (shaded) invariant mass 

for: (a) non-isolated and (b) isolated dimuons 

Isolated dimuons are defined to be muon pairs with AR = dAq2 + A#between each 
muon and nearest jet greater than 0.7. The jet is defined using a AR = 0.7 and has E, 
> 8 GeV. Non-isolated dimuons have at least one muon within AR = 0.7 about near- 
est jet. Neither like sign sample shows evidence of mass peaks. Both unlike sign 
samples show a clear J/v peak. The T peak exists in the isolated unlike sign spectrum 
which indicates its direct production. Both isolated and non-isolated dimuons were 
used for the inclusive J/v cross section determination. The number of J/w’s in each 
pr bin was estimated by fitting the mass distribution to a Gaussian (signal) plus a 
polynomial (background). The efficiency of J/v detection was estimated by gener- 
ating events with J/v ‘s using ISAJET Monte Carlo, passing them through GEANT 
and trigger simulators, reconstructing and passin them through off-line cuts. The ef- 
ficiency for J/v detection is around 10% for B ptJ w > 15 GeV/c. 

The inclusive cross section for J/v production is shown in Fig. 5. To cal- 
culate the cross section the number of J/v in each pt bin was divided by the effi- 
ciency, integrated luminosity and n range. The errors shown in Fig. 5 are only sta- 
tistical. The systematic uncertainty is around 50%. In Fig. 5 the predictions 2-4) for 
J/v’s from direct production (CPM) and for J/v’s from B decay (BPM) are shown. 
For the low pt region the data lie above the summed contributions, although the 50% 



systematic errors mean that this observation is not meaningful statistically. The ex- 
traction of bb cross section from inclusive J/v’s data is in progress with the aim of 
reducing the systematic error to the 10% level. 
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B%’ mixing studies 

The semi-leptonic decay of both mesons from BOB0 pair into muons will 
produce unlike sign dimuons. Flavor mixing of a B” or B” will result in like sign di- 
muons. Like sign dimuons can also be produced in uncorrelated decays of light 
quarks. In the presence of mixing the fraction of like and unlike sign dimuons for 
various.processes is given in Table 1 where x is the mixing parameter averaged over 
time and combined for B, and Bd mesons. 

Table 1 

The fraction of like and unlike sign dimuons for various processes 

Process 

Pl b->p-, b->p+ 
P2 b->p-, 6->c->p- 
P3 b->c->p.+, 6->:->p- 
P4 b->c/.t-, c->p+ 
P5 c->p+, c->p- 
P6 Drell-Yan, J/v, T 
P7 Decay background 

Like sign 

2x(1-$1 

(1-x) +x2 
2x(1-xl 

0% 
0% 
0% 

50% 

Unlike sign 

(l-x)2+ x2 
2x(1-xl 

(l-x)2+ x2 
100% 
100% 
100% 
50% 

The data for the mixing parameter studies were collected with the dimuon 
triggers described above. Integrated luminosity corresponding to analyzed data sam- 
ple is 8.4 pb-‘. The following off-line cuts were used to enrich the sample with 
events from BOB0 decays and to enhance “leading” dimuons. 

1.2or3muontracksinI~I<1.1. 

2. > 1 GeV energy deposition along track in the calorimeter. 

3. Cosmic ray rejection cuts. 

4. Muon pair invariant mass > 6 GeV/c’ - to remove J/v’s 

5. 2 GeV/c < p,n < 25 GeVlc - ensures proper muon sign determination. 

AR = 0.8 of the 
muon. All 

Each event has at least one jet with Ejet > 8 GeV vvithin 
muons which have an associated jet must have pt > 1.2 GeV/c relative 

to the jet axis. These cuts are used to enhance events with leading dimuons coming 
from B mesons decays. After these cuts 116 like sign and 234 unlike sign events 
were found. Around 15% of events in this sample are cosmic ray background. The 
final ratio of like to unlike sign dimuon pairs is equal to: 



R = 0.51 +- O.O6(stat) +- O.O2(syst) (1) 
where the systematic error is associated with uncertainties in the cosmic ray back- 
ground. In order to extract the x parameter from the experimentally measured ratio 
R it is necessary to know the contributions of all the processes from Tablet 1. For this 
we used the ISAJET Monte Carlo event generator and fast detector simulator. The 
trigger simulators and off-line cuts listed above were applied and the relative frac- 
tions of contributing processes are shown in Table 2. The errors in Table 2 are statis- 
tical errors due to limited Monte Carlo statistics. 

Table 2 

The relative fractions of the contributing processes for dimuon pair production 

Process from Table 1 Fraction 
Pl 0.66+-O. 15 
P2 0.15+-0.06 
P3 0.09+-0.04 

P4-P6 0.02+-0.02 
P7 o.os+-0.04 

Using (1) and relative fractions from Table 2 we find for the combined 
time averaged mixing parameter : 

x = 0.14 +- O.O3(stat) +- O.O6(syst) (2) 

The systematic error is dominated by uncertainties in the fractions of the 
contributing processes. The x value is in good agreement with results from CDF and 
LEP 6-I ‘). We continue to work on reducing the systematic error by increasing the 
Monte Carlo statistics and improving the analysis technique. 

Conclusions 

The DO experiment has produced preliminary results on the inclusive 
muon cross section for I q I < 3.3, inclusive J/v production cross section and meas- 
urement of the time averaged mixing parameter in piJ collisions at Js = 1.8 TeV. We 
continue the analysis of collected data to include the full available data set, obtain 
the b-quark cross section, constrain the gluon density distributions at small x (x = 
10m3) using muon cross section at high n. The analysis of events with such particles 
as y’s and K”‘s associated with J/v’s is in progress. We are planning to increase our 
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statistics for B physics studies by an order of magnitude in the next Fermilab collider 
run in 1994 using the larger luminosity and improved trigger system. 
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